BMP6, a member of the subfamilies of the morphogenetic proteins (BMPs), plays a crucial role in osteogenic and chondrocyte differentiation in vitro and stimulates chondrogenesis, making chondrocytes differentiate on their terminal stage. The objective of this study is to explore the relationship between polymorphism of BMP6 gene and slaughter traits in chicken respectively. We screened the exonic and intronic regions of BMP6 gene by DNA pool construction and amplified DNA fragment by PCR, and finally, we got nine SNPs. Association analysis revealed that BMP6 had no significant association among all slaughter traits in Yellow bantam chicken. However, BMP6 had a significant difference with femur weight, tibia weight, femur length (p<0.05), and was extremely significant with tibia length (p<0.01) in Avian chicken. Moreover, femur perimeter also had significant correlation with BMP6 in Avian chicken. These results provide useful information for further investigation on the function of chicken BMP6 gene.
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BMP6 is a member of the subfamilies of the morphogenetic proteins (BMPs) which belongs to the transforming growth factor-β (TGF-β) superfamily of cytokine (Mehler et al., 1997) . In 1965, the BMPs was derived from demineralized bone extract to induce endochondral osteogenesis in vivo (Urist, 1965) , and its protein-coding regions were sequenced in 1990s (Celeste et al., 1990) . The Vg1 gene in Xenopus is a candidate for primary axis formation (Weeks and Melton, 1987) and BMP6 was isolated with Vg1 gene by low-stringency (Lyons et al., 1989) . BMP6 plays crucial roles in osteogenic and chondrocyte differentiation in vitro (Sato et al., 1999) . Solloway et al. had suggested that mutations in both BMP5 and BMP6 have synergistic effects of the sternum development (Solloway et al., 1998) . In particular, BMP6 stimulates chondrogenesis and makes chondrocytes differentiate on their terminal stage (Grimsrud et al., 1999) . In recent years, more and more researches have showed that BMP6 performs a lot of functions not only on osteogenic and chondrocyte differentiation. For example, BMP6 orchestrates iron metabolism (Camaschella, 2009) , and lacking of BMP6 was found to induce massive iron overload (Meynard et al., 2009) . Corradini et al. (2011) suggested that liver is the presidential source of BMP6 to regulate hepcidin and liver iron regulates the BMP6-SMAD signaling pathway with serum differently. Besides, BMP6 is also vital in reproduction. BMP6 can function as FSH stimulators for its messenger RNAs detected in pituitaries of mouse (Huang et al., 2001) . Sugiura et al. (2010) assessed BMP6 promotes normal fertility in female mice partially in a proper way by responding to LH and normal oocyte quality.
In addition, other studies have previously reported that BMP6 gene is associated with juiciness and tenderness of the meat in pig (Fonseca et al., 2003) , while there is few research combing BMP6 with chicken slaughter performance so far. We compared slaughter performance between two absolute different kinds of chicken, the Avian and the Bantam yellow, for the first one is fast-growing broilers and the second is local variety in China.
MATeRIAlS AND MeThODS

Ethics Statement
This study was performed with the approval of the Committee on Experimental Animal Management of Sichuan Agricultural University, permit number 2014-18.
Chicken populations and the collection of data
A total of 140 animals including Avian chicken (n=70) and Yellow bantam chicken (n=70) were randomly selected from commercial populations and used in the association analysis. All chickens involved in this study were raised in an experimental farm for poultry breeding at the Sichuan Agricultural University (Ya'an, China). The Avian chicken grow fast and have large bone and heavy body weight, but the Yellow bantam chicken with yellow plumage, short shanks and normal body weight. During the growth period, all birds had free access to food and water ad libitum under the same temperature and lighting conditions. The chicken were slaughtered at 70 days of age following a 12 hour fasting. Cervical dislocation was manually applied before bleeding of the neck. Blood samples were collected during bleeding and the genomic DNA was isolated by the standard phenol/chloroform method. The purity and concentration of them were assessed by a NanoVue Plus TM spectrophotometer (Thermo Scientific, Wilmington, DE, USA). Based on the machine reading of the concentrated stocks, TE buffer was added to DNA samples extracted from blood to produce a target concentration of 100 ng/mL. The DNA samples were stored at -20ºC until use.
Fifteen traits related to performance, carcass composition and bone integrity were evaluated.
At 70d of age, living weight (BW) was obtained on chickens after a 12 hour food withdrawal. After bleeding, the chicken were scalded in a hot water bath (80-90ºC for 40 s) and the feathers removed mechanically, then, carcass weight (CW), eviscerated weight (EW), semi-eviscerated weight (SEW), breast muscle weight (BMW), leg muscle weight (LMW), abdominal fat weight (AW), liver weight (LW), tibia weight (TW), femur weight (FW), tibia length (TL), femur length (FL), tibia diameter (TD), femur diameter (FD), tibia perimeter (TP) and femur perimeter(FP) were obtained. All of these performance traits were determined as described in "The Poultry Production Performance Terms and Measurement Statistics Method" (NY/T823-2004).
BMP6 gene amplification and genotyping
Eight pairs of primers (Table 1) Based on the sequencing of the two DNA pools, polymorphisms were identified with four of the primer pairs. Genotyping was performed using DNA samples extracted from blood samples collected from the 140 chickens. To analyze the mutations, PCR was performed as described above. Amplified products were electrophoresed and purified with a gel extraction kit (Takara, Dalian, China) and sequenced by Shanghai Sangon Biology Technique Corporation.
Data analysis
Genotypic and allelic frequencies were calculated by counting the genotypes and alleles for each SNP and Hardy-Weinberg equilibrium was established with chi-square test at 5% significance level. The linkage disequilibrium (LD) structure as measured by D' and r 2 were performed with the Haploview software (Version 3.32) (Barrett et al., 2005) .
The general linear model (GLM) procedure of JMP 10 was used to test associations between the genotyped markers and carcass traits. The model is as follows:
where Y is the trait measured on chickens, μ is the population mean, S i is the fixed effect of sex, G j is the fixed effect of genotype, B k is the fixed effect of breed, G j ×S i ×B k is the interaction among genotype, sex and breed, and e is the random error. The values were presented as least square means±se. Statistical significance was evaluated using Duncan's test. Differences were considered significant at p<0.05.
Haplotypes were constructed using the Haploview program (version 3.32, http://www.broad.mit.edu/ mpg/haploview/). Haplotypes were analyzed using the model applied for the single marker association test with consideration for animals having 0, 1, or 2 copies of the haplotype in question. The PROC REG 
Detection of SNPs in the BMP6 Gene and Their Association with Carcass and Bone Traits in Chicken
procedure of SAS (version 6.12, SAS Institute Inc.) was used to perform the analysis. Significant associations were declared at p<0.05.
ReSUlTS
Identification of SNPs in the chicken BMP6 gene
We sequenced the individuals of the random population genotypes and found nine mutations, including a A/G mutation (g.64487388A>G), a C/T mutation (g.64475440C>T), a G/C mutation (g.64474334G>C), a A/C mutation (g. 64487436A>C), a G/A mutation (g.64487410G>A), a T/C mutation (g.64474352T>C), a C/T mutation (g.64474300C>T), a C/G mutation (g.64474290C>G) and a T/C mutation (g.64463906 T>C). Table 2 and Table 3 show the Genotypic and allelic frequencies of nine single nucleotide polymorphisms of BMP6 gene among the two different strains of populations.
Allele and Genotype Frequency of the Mutated sites
The Chi-squared test was conducted to compare the allele and genotypes frequency in the BMP6 gene of all 7 SNPs between Avian and Yellow bantam populations and the results were shown in Table 2 and Table 3 . The data indicates that the homozygous genotype were dominant compared with heterozygotes genotype in both Avian and Yellow bantam populations of SNP1, SNP4, SNP5, SNP6, SNP7, SNP8, therefore, the homozygous GG genotype were dominant compared with homozygous AA genotype in SNP1, SNP5, and the homozygous AA genotype predominated in SNP4, the homozygous TT genotype predominated in SNP6, the homozygous CC genotype predominated in SNP7 
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and SNP8 in both populations. For SNP3, SNP9, the heterozygotes were advantageous compared with homozygous. As for SNP2, CT genotypes predominated in the Avian population and T was the advantageous allele while in the Yellow bantam population, C was the advantageous allele and CC were dominant.
The Hardy-Weinberg Equilibrium Figure 1 indicates that the degree of the linkage disequilibrium (LD) revealed the correlation between polymorphic variants at different positions of BMP6 gene. Obviously, the SNPs of block 1 (SNP3, SNP6, SNP7 and SNP8) and block 2 (SNP1, SNP4 and SNP5) are of high D' respectively according to 2 blocks in dark red in the D'. Nevertheless, SNP2 and SNP9 were in equilibrium and independent in both blocks. Haplotype analysis showed ( Correlation analysis of the SNPs in BMP6 gene and carcass traits
According to the results of the least-squares analysis (Table 5 ), we could find that all the SNPs had no significant correlation with all carcass traits in both populations of chicken, which means BMP6 gene affected little in carcass traits in Avian and Yellow bantam chicken. To find if BMP6 gene was expressed in the tissues of carcass traits or not, further study is required.
Correlation analysis of the SNPs in BMP6 gene and skeleton traits
In Table 6 , the results indicated that SNP5 showed significant difference among FW, TW, FL (p<0.05) and extremely significant difference with TL (p<0.01) in the Avian population. In addition, SNP1, SNP4 both had significant correlation with FP (p<0.01) in the Avian population. However, there were no significant differences between SNPs and skeleton traits in the Yellow bantam population.
Correlation analysis of the BMP6 haplotypes and carcass traits
The comparative results of the least squares mean of each character among BMP6 haplotypes are shown in Table 7 and Table 8 . The BMP6 haplotypes had significant differences in both Avian and Yellow bantam population respectively. In the Yellow bantam populations, we found CCGT, CCCT, GTCC, GTCT, GCCT, AAA, AGA, GGC, GGA haplotypes individuals in the population. CCCT haplotype individuals were significantly different in CCGT haplotype individuals in AFW (p<0.05), GTCT haplotype individuals had significant differences in CCGT haplotype individuals in LW (p<0.05). There were significant differences between GGA haplotype individuals and GGC haplotype individuals in FP (p<0.05). In the Avian populations, 
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DISCUSSION
Multiple genes have controlled carcass traits and skeleton traits separately (Fontanesi et al., 2008; Bolormaa et al., 2011) . Analyzing the association between candidate genes and productive traits is an advisable way to understand whether specific genes are correlated with specific traits in economic animals and we can take advantage of DNA tests in animal breeding as selection tools (De Vries, et al., 1998) .
Although several studies indicated that the SNPs of the BMP6 gene is involved in peripheral bone mineral density (Choi et al., 2006) , avascular necrosis (Ulug et al., 2009) , sickle cell osteonecrosis of human (Baldwin et al., 2005) . At present, studies of BMP6 showed that it is more focused on human disease such as hepatic fibrosis, iron overload disease (Kleven et al., 2016) , prostate cancer-associated disease (Turner and Edwards, 2016) and so on. Nevertheless, BMP6 was chose to be a candidate of meat quality (Lee et al., 2014) .
In this study, the different variant PCR products were sequenced. Due to the rate of recombination, selection and foreign blood imported in the chicken population, the alleles and genotypes of loci 64475440C>T and loci 64463906T>C were unsuitable and were removed from statistic analysis because the Hardy-Weinberg equilibrium is impacted by many factors such as the rate of mutation, the rate of recombination, selection, genetic drift, the system of mating, population structure, and genetic linkage (Liu et al., 2015) .
Then we explored the correlation between SNPs and carcass, skeletal traits. In carcass traits, there were no significant differences with any carcass traits among SNPs. A previous report indicated that mice fed with high-fat diet caused reduction of BMP6 gene expression in visceral adipose tissue (Gotarod et al., 2013) , whereas there were no reports showing detailed mechanism of BMP6 gene in abdominal fat and it needs further research. In contrast to other BMPs (BMP2, BMP4, BMP9), BMP6 is a key endogenous regulator of hepcidin expression and iron metabolism (Andriopoulos et al., 2009) . Lacking of the BMP6 induces massive iron overload in the liver of BMP6-deficient mice (Meynard et al., 2009) . However, no researches showed if BMP6 is related to liver weight directly or not. As for the skeletal traits, Kugimiya et al., initially investigated the size of the growth plate of proximal tibias in the BMP2 +/-
BMP6
-/-compounddeficient mouse which were significantly smaller than the wild types (Kugimiya et al., 2005) , and our studies that SNP3 in Avian was significant associated with FW, TW, FL (p<0.05), and TL(p<0.01) were consistent with it. Recently, a research disclosed that exogenous heparin reduced the BMP6 osteogenic activity by using μCT analysis of femur in the mice with osteoporotic (Brkljacic et al., 2013) . Both SNP1 and SNP3 had significant correlation with FP (p<0.05). While there is no other research focused on the association between the skeletal traits and BMP6 in economic animals. Our experiment dates indicated that it seems to be no relevance between SNPs between skeleton traits in the Bantam yellow. The reasons for this phenomenon and expression pattern in these two different kinds of strains are still waiting for for discovery. All this adds up to the result that the single locus of SNPs of BMP6 has no direct correlation to carcass traits in these two chicken populations, but was relevant to skeleton traits in the Avian population.
A recent research about it has performed haplotype analysis of BMP6 and then they found eight patients who carried the BMP6 p.Leu96Pro mutation and did not share a unique haplotype, which may have resulted from multiple independent mutational events (Daher et al., 2016) . According to this, we did haplotype analysis, on the two chicken populations and found the haplotypes of BMP6 gene has obvious significance with partial skeletal traits and carcass traits, this consequence reminded us that BMP6 gene may have an effect of pleiotropism on chicken carcass traits and skeletal traits and in fact the genetic mechanisms among each characters are the function of pleiotropism. In this study, block 1 (CCGT, CCCT, GTCC, GTCT, GCCT) had no direct significance on neither carcass traits nor skeletal traits in Avian populations but was significant correlated on AFW, LW (p<0.05) in Yellow bantam populations. Block 2 (AAA, AGA, GGC, GGA) was significantly associated among EW, SEW BMW, LMW, TL (p<0.01) and also significantly affected LW, FW, TW, TD, FL (p<0.05) in Avian population. This result illustrated that AAA, AGA, GGC, GGA genotypes could choose to be
